Introduction {#S0001}
============

Adolescence is a transitional phase where children become adults, characterized by hormonal, physical, psychological, and social adaptive changes. This phase is important in shaping the characteristics of an adult human being as the nation's future generation, and therefore requires special attention from parents, teachers, healthcare workers, and the community. Failure in providing guidance and direction for the processes that occur in this phase will affect the teenagers themselves, their families, and the community greatly.[@CIT0001] With advances in technology and industry, most teenagers begin to have additional activities that can make them experience sleep disorders. Sleep disorders can have serious effects in the long term, such as causing behavioural disorders and growth.[@CIT0002] The first large-scale comprehensive study on sleep disorders and its effects in adolescents showed that 13% of adolescents experience emotional disturbances related to sleep disorders.[@CIT0004] Other research had shown the negative impacts of sleep disorders in adolescents on physical development and behaviour, including growth disorders, cardiovascular disorders, cognitive function, and daily behaviour.[@CIT0003]

Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder characterized by abdominal pain and changes in the pattern of defecation. Research conducted in Turkey demonstrated IBS as one of the causes of sleep disorders. Difficulty sleeping, frequent awakening, and difficulty returning to sleep after awakening are the symptoms often experienced by adolescents with IBS. This study showed that 36% of IBS patients had poor sleep quality compared to controls, and other studies showed that 71% of IBS patients had depression, which would certainly worsen sleep quality.[@CIT0005] The high incidence of IBS in adolescents and the large proportion of sleep disorders in IBS negatively affect quality of life, and disrupt physical development, behaviour, learning achievement, and sleep.[@CIT0007] This study aims to identify the relationship between IBS and sleep disorders in adolescent high school students in Palembang.

Methods {#S0002}
=======

This is a qualitative and quantitative analytical study with a cross-sectional design. Quantitative measurement was conducted using a questionnaire. Qualitative measurement was conducted through in-depth interview and direct observation of IBS symptoms using ROME III criteria. The population in this study were adolescents enrolled in a senior high school. A total of 294 senior high school students were recruited with simple random sampling.

Data were collected after obtaining written informed consent from the subjects, and written informed consent must have been provided by a parent or legal guardian of the participant. The study was in accordance with the Declaration of Helsinki. Subjects who fulfilled the Rome III criteria for IBS were asked to complete a questionnaire and attend an in-depth interview.

Two partial statistical tests were performed for analysis. First, independent variables were converted into a ratio. There are two distributions of data collected from 2 questionnaires representing the criteria: the sleep disturbance scale for children (SDSC) and ROME III IBS criteria. Second, the independent variables were converted into categorical data and a chi-square test was performed. Simultaneous analysis was conducted to see the effects of independent variables on the dependent variables together, and to identify which independent variable had the greatest influence on the dependent variables. Linear logistic regression was also performed in the analysis. The study protocol was approved by the Health Research Review Committee (Institutional Review Board) at Faculty of Medicine Sriwijaya University School of Medicine and Mohammad Hoesin Central General Hospital, Palembang, Indonesia, under protocol number 327/kepkrsmhfkunsri/2018, date 12 December 2018.

Results {#S0003}
=======

Categorical variables are presented in [Table 1](#T0001){ref-type="table"}. The subjects' mean age was 15.61±0.9 years. The boy-to-girl ratio was 1:1.69. Most of the subjects were well-nourished (211 subjects, 71.8%) and 59.9% slept alone. Sixty-seven per cent of subjects had a habit of taking naps, and only 13.6% of subjects had a smoking habit. A total of 249 subjects (84.7%) in this study used their smartphone for more than 2 hours a day. Most of the subjects had no extracurricular activities (54.8%) and 13.9% of subjects worked at a part-time job after school hours. Table 1Characteristics of SubjectsCharacteristicsn (%)Characteristics Mean Age (years), mean±standard deviation15.61±0.9Gender Boy185 (62.9%) Girl109 (37.1%)Nutritional Status Well-nourished211 (71.8%) Malnourished83 (28.2%)Roommate Status Sleeping alone176 (59.9%) With family member/others118 (40.1%)Napping Habit Yes197 (67%) No97 (33%)Smoking Habit Yes40 (13.6%) No254 (86.4%)Gadget Usage (per day) ≤2 hours45 (15.3%) \>2 hours249 (84.7%)Extracurricular Activities Yes133 (45.2%) No161 (54.8%)Part-Time Job Yes41 (13.9%) No253 (86.1%)

The distribution of score interpretation from the ROME III and SCDC questionnaires is presented in [Table 2](#T0002){ref-type="table"}. ROME III criteria are the standard criteria used to determine the presence or absence of IBS. In this study, 113 of 294 subjects (38.4%) were found to have experienced IBS symptoms. ROME III criteria can also be used to determine IBS subtypes. Out of 294 subjects, the most common subtype of IBS was constipation, comprising 13.9% of the total sample, followed by unclassified IBS (9.5%), diarrhoea (6.5%), and mixed (8.5%). Table 2Distribution of IBS ROME III and SDSC Questionnaire Score Interpretation (n=294)Questionnaire Score Interpretationn (%)ROMA III for IBS Non-IBS181 (61.6%) IBS113 (38.4%)Constipation IBS41 (13.9%)Diarrhoea IBS19 (6.5%)Mixed IBS25 (8.5%)Unclassified IBS28 (9.5%)SDSC for Sleep Disturbance No sleep disturbance138 (46.9%) Sleep disturbances156 (53.1%)Disorders of initiating and maintaining sleep82 (27.9%)Sleep breathing disorders19 (6.5%)Disorders of arousal35 (11.9%)Sleep--wake transition disorders37 (12.6%)Disorders of excessive somnolence66 (22.4%)

[Table 3](#T0003){ref-type="table"} presents the result of bivariate analysis on the risk factors for sleep disorders. In this study, there was no significant association between sleep disturbances and IBS but the use of a smartphone/screen contact and not having extracurricular activities were found to be associated with sleep disorders. This study also found that subjects who used a smartphone for \>2 hours had a 0.350 times risk for experiencing sleep disturbances compared to subjects who used a smartphone for ≤2 hours (*P*=0.000; OR=0.350). We also found a lack of extracurricular activities to be related to sleep disorders (*P*=0.004; OR=0.456). In other words, students who do not partake in extracurricular activities have 0.456 times the risk for experiencing sleep disorders compared to those who partake in extracurricular activities. Table 3Bivariate Analysis on Risk Factors for Sleep DisturbancesRisk FactorsSleep Disturbance (+)Sleep Disturbance (--)*P*OR 95% CI (Lower--Upper Limit)n=156 (%)n=138 (%)Irritable Bowel Syndrome Yes60 (38.5%)53 (38.4%)0.9921.002 (0.626--1.605) No96 (61.5%)85 (61.6%)Gender Girl58 (37.2%)51 (36.9%)0.9681.010 (0.628--1.622) Boy98 (62.8%)87 (63.1%)Nutritional Status Malnourished46 (29.5%)37 (26.8%)0.6110.876 (0.526--1.459) Well-nourished110 (70.5%)101 (73.2%)Napping Habit Yes103 (66.0%)94 (68.1%)0.7041.269 (0.730--2.208) No53 (34.0%)44 (31.9%)Smoking Habit Yes21 (13.5%)19 (13.8%)0.9390.720 (0.327--1.587) No135 (86.5%)119 (86.2%)Smartphone Usage ≤2 hours143 (91.7%)106 (76.8%)0.0000.350 (0.142--0.862) \>2 hours13 (8.3%)32 (23.2%)Extracurricular Activity No64 (41.0%)69 (50.0%)0.0040.456 (0.266--0.780) Yes92 (59.0%)69 (50.0%)Part-Time Job Yes25 (16.0%)16 (11.6%)0.8700.940 (0.447--1.976) No131 (84.0%)122 (88.4%)

Logistic regression analysis shows that IBS occurrence was associated with roommate status and napping habit. The following mathematical formula can be used to predict the probability of IBS by applying the formula $\documentclass[12pt]{minimal}
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$$p = {1 \over {1 + {e^{ - y}}}}$$
\end{document}$; for example, suppose there is a teenager who had a napping habit (score=1 if does not have napping habit) and roommate status (score 0 if does not have a roommate), hence the probability he/she got IBS:
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$$p = {1 \over {1 + {e^{ - \left({ - 4.82} \right)}}}} = {1 \over {13.10}} = 0.076$$
\end{document}$ or 7.6%

As given by that calculation, the probability that a teenager got IBS when he had a roommate and a napping habit was 7%.

Discussion {#S0004}
==========

Our finding is in contrast with demographic research conducted on high school students in Bandung, which showed no significant difference between male and female students. Eighty-three students (28.2%) were malnourished, and this number is smaller compared to that found in research conducted by Padriyani et al on high school students in the Padang, where they found that 50.4% of high school students were malnourished.[@CIT0009]

A study by Hyams et al identified IBS in 117 of 227 (51.54%) children and adolescents.[@CIT0009] Soares et al found a prevalence of 32.2% for IBS using ROME III criteria. Previous studies have identified several factors associated with the incidence of IBS in adolescents, including history of abuse, type of food, and diet.[@CIT0010],[@CIT0011]

Of the 294 subjects, 156 students (53.1%) had sleep disorders. There were 82 subjects (27.9%) who had difficulties in falling asleep and maintaining the sleeping state, 66 subjects (22.4%) experienced excessive somnolence disorder, 35 subjects (11.9%) experienced impaired consciousness, and 38 subjects (12.9%) experienced a sleep--wake transition disorder. However, no subject experienced sleep hyperhidrosis.

In their study, Keefer et al found that between 11 and 27 IBS patients experienced sleep quality impairment, 3 to 29 IBS patients had difficulty falling asleep, about 11 to 25 IBS patients had reduced sleep duration, around 3 to 17 IBS patients experienced sleep transition disorders, and around 12 to 28 patients experienced sleep disruptions.[@CIT0008] Natalita's study found 40 subjects (62.5%) suffering from sleep disturbances using the SDSC questionnaire, with the most frequent type being sleep--wake disorder (25%). Based on the examination performed in this study, there were 42 subjects (65.6%) who suffered from sleep disorders using the SDSC questionnaire, with 71.4% sensitivity and 54.5% specificity.[@CIT0012]

Although other variables were found to have no significant relationship with sleep disturbances, we found that female students have a 1.010 times risk for experiencing sleep disturbances compared to male students, similar from study by Heitkemper, et al.[@CIT0006] Students who are at risk of malnutrition have a 0.876 times risk for experiencing sleep disorders and students who sleep alone have a 1.376 times risk for experiencing sleep disorders. Students who often take a nap have a 1.269 times risk for having sleep disturbances at night, students who smoke have a 0.720 times risk for experiencing sleep disturbances, and students who have part-time jobs have a 0.940 times risk for experiencing sleep disorders.

In this study, only 60 subjects (53%) experienced sleep disorders and IBS while 53 subjects (46.9%) did not have sleep disorders but experienced IBS. A study by Nachmiaz et al found that 21 of 41 patients (54%) experienced sleep disorders and irritable bowel diseases (IBD).[@CIT0016] Another study by Young et al found that 53.6% of patients experienced sleep disorders and IBD.[@CIT0014]

This study found no significant relationship between IBS and sleep disorders. This might be due to the fact that the subjects in this study had sub-clinical complaints of IBS. The findings of this study are in line with that of Szigethy et al\'s study which found no significant association between IBS and sleep disorders.[@CIT0015]

Zimmerman's study found that IBS was more likely to have extraintestinal symptoms but did not have a significant relationship with sleep disorders. In his study, patients who had IBS with predominant symptoms of abdominal pain due to constipation were significantly associated with sleep disorders (*p*\<0.001). It is important to note that IBS differs with IBD. Seventy per cent of patients diagnosed with IBD complain of abdominal pain accompanied by diarrhoea, constipation, and musculoskeletal disorders. This leads to the finding that IBD with diarrhoea and neurasthenia have a significant relationship with sleep disorders (*p*\<0.025). Zimmerman concluded that sleep disorders in adolescents can be caused by a variety of risk factors, one of which is IBS, but it is not necessarily the main cause of sleep disorders in adolescents.[@CIT0017]

The results of multivariate analysis showed that sleep disturbances in children are strongly associated with the use of a smartphone and lack of extracurricular activity. Students who use a smartphone for more than 2 hours a day have a 3.15 times increased risk for sleep disorder and students who take extracurricular activities have a 2.33 times increased risk for experiencing sleep disorders. Based on the results of probability calculations performed in this study, subjects who partake in extracurricular activities and use a smartphone ≤2 hours a day had a 1.1% probability of experiencing sleep disorders, while subjects who do not partake in extracurricular activities and use a smartphone \>2 hours a day had a 7.5% probability of experiencing sleep disorders.

Conclusion {#S0005}
==========

In this study, no significant relationship was found between sleep disorders and the incidence of IBS in high school adolescents.
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